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Concern over the oncogenic potential of isopropanol was raised as a result of an epidemiology study which reported an increased incidence of respiratory tract tumors in workers involved in the production of isopropanol by the strong-acid process in which propylene is combined with concentrated sulfuric acid (Weil et ai, 1952) . This concern prompted Weil et al. (1952) to conduct animal studies investigating the tumorgenicity of isopropanol. In these studies, groups of mice were exposed by inhalation or subcutaneous injec-tion to isopropanol. In the subcutaneous injection studies, mice were injected with 0.25 ml of undiluted samples of isopropanol over a period of 20-40 weeks. In the inhalation studies, the mice were exposed to 0.0075 mg/m 3 of isopropanol vapor (these authors later reported the concentration was actually 7700 mg/m 3 or 3130 ppm) (NIOSH, 1976) for 3-7 hr/day, 5 days/week, for 5 to 8 months. No increases in the incidence of tumors were found for animals exposed to isopropanol by either inhalation or subcutaneous injection. Additional subcutaneous injection and skin-painting studies performed by Weil (NIOSH, 1976 ) also indicated no increased incidence of tumors for animals exposed to isopropanol. Van Esch (1960) reported no increased papilloma formation when isopropanol was added to the diet of mice that received biweekly applications of a known tumor promoter to their heads.
It is now believed that the carcinogenic concerns raised by the epidemiology study conducted by Weil et al. (1952) are a result of the strong-acid process, specifically related to sulfuric acid (Solskolne et al., 1984) and to by-products such as dialkyl sulfates that are formed during this manufacturing process and not to isopropanol itself (Lynch et al., 1979) . Isopropanol is no longer being produced by this process and is produced by a nonacid or a weak acid process which produces lower levels of alkyl sulfates.
However, upon review of the available animal studies, the U.S. Environmental Protection Agency found the data insufficient to reasonably predict the oncogenic potential of isopropanol. In 1989, the Agency required that testing be performed by the manufacturers of isopropanol to evaluate oncogenicity (as well as other health effects) because of the potential for worker exposure and possible exposure to the general population from the use of various consumer products and commercial sprays containing isopropanol. Thus, the purpose of the present study was to investigate the oncogenic potential from exposures to isopropanol vapor in rats and mice as required by the U.S. Environmental Protection Agency under Section 4 of the Toxic Substances Control Act (1989).
METHODS

Test substance.
Anhydrous isopropanol (CAS No. 67-63-0) was obtained from Union Carbide Chemicals and Plastics Company Inc. (Texas City, TX). At approximate 6-month intervals throughout the study, the purity of the test substance was checked by gas chromatography and determined to be at least 99.9%.
Animals and exposure regimen. Male and female Fischer 344 rats were received from Harlan Sprague Dawley, Inc. (Indianapolis, IN). Male and female CD-I mice were received from Charles River Breeding Laboratories, Inc. (Portage, MI). The animals were acclimated for a 3-week period during which time a pretest health screen was conducted on randomly selected animals. The animals were housed 2/cage for approximately the first 2 weeks of the acclimation period and then were individually housed for the remainder of the acclimation period and the study (during exposure and nonexposure periods) in stainless steel, wire mesh cages. Each animal was uniquely numbered by tattooing (Animal Identification and Marking System, AIMS Inc., Piscataway, NJ) and was kept on a 12-hr photoperiod using an automatic timer throughout the study. Water (Municipal Authority of Westmoreland County, Greensburg, PA) and pelleted food (AGWAY PROLAB Animal Diet Mouse 3000 and AGWAY PROLAB Animal Diet Rat 3000, Agway Inc.) were available to the animals ad libitum except during exposure. The temperature and relative humidity values for the animal housing room were routinely maintained at 64-79°F and 40-70%, respectively.
Prior to the first exposure, the body weight ranges for the male and female rats (approximately 7 weeks of age) were 121-165 g and 93-124 g, respectively; the body weight ranges for the male and female mice (approximately 7 weeks of age) were 22-35 g and 19-28 g, respectively.
Target vapor concentrations were 0 (control), 500, 2500, and 5000 ppm. The high target concentration for this study was selected to be 5000 ppm of isopropanol vapor as a result of the mortality observed at 10,000 ppm in a previous 9-day inhalation study (Burleigh-Flayer et al, 1990) and as a result of the toxic effects observed at 5000 ppm in a previous subchronic study (Burleigh-Flayer et al., 1994) . The intermediate and low target concentrations for the study were selected as fractions of the high target concentration. Seventy-five animals/sex/species were randomly assigned to each exposure group. Ten animals/sex/species/ group were designated for an interim euthanasia and were exposed for 6 hr/day, 5 days/week, for 54 weeks for mice and 72 weeks for rats. Animals assigned to the core group (55 mice/sex/group and 65 rats/sex/ group) were exposed for 6 hr/day, 5 days/week, for at least 78 weeks (mice) and 104 weeks (rats). The remaining 10 mice/sex/group were assigned to a recovery group and were exposed for 6 hr/day, 5 days/ week, for 54 weeks but were held until week 78 before being euthanized. The animals assigned to the core group and the interim euthanasia group were terminated the morning following their last exposure day.
Generation and analysis of exposure atmospheres. All animals assigned to each exposure group were placed in individual cages and exposed together in one 4320-liter stainless steel and glass chamber operating at an airflow of approximately 900 liters/min. Among exposure groups, the daily mean chamber temperature and relative humidity, which were recorded at least 12 times during each exposure, ranged from 20 to 29°C and 39 to 59%, respectively.
The isopropanol vapor was generated by metering the liquid test substance from a piston pump (Fluid Metering, Inc., Oyster Bay, NY) into a heated, spiral grooved glass evaporator with a countercurrent airstream similar in design to that described by Snellings and Dodd (1990) . Chamber concentrations of isopropanol vapor were analyzed at 30-min intervals using a Perkin-Elmer 8500 gas chromatograph (GC) equipped with a flame ionization detector. The GC column was a 6-ft X 1/8-in. stainless steel column packed with 10% SP2100 on 80/100 mesh Supelcoport (Supelco, Bellefonte, PA) maintained at 90°C. Injections of gas standards were used to calibrate the GC. Chamber atmosphere samples were automatically injected into die GC using an environmental sampling system (John Booker & Company, Austin, TX).
Clinical and pathology evaluations of animals. Rats and mice were observed individually on a daily basis for clinical signs of toxicity. In addition, clinical signs were also recorded on a group basis during exposures. Prior to the first exposure and at 17 months, 19 months, and the terminal euthanasia, the eyes of all rats were examined by indirect ophthalmoscopy and slit lamp biomicroscopy following dilation of eyes with MY-DRIACYL 1% ophthalmic solution. All rats and mice were weighed prior to the start of the exposures, weekly for the first 14 weeks of the study, and every other week thereafter.
Blood smears were obtained for all surviving core animals at approximately 12 months for mice and at 13 and 19 months for rats. Differential leukocyte counts were evaluated for all surviving core animals from the control and high concentration groups at these timepoints. At the terminal euthanasia (18 months for mice and 24-25 months for rats), hematologic evaluations were performed on blood samples collected from all surviving rats and mice from the core group. Hematologic evaluations included total leukocyte count, differentia] leukocyte count, erythrocyte count, hematocrit, hemoglobin, mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, and platelet count. Urine samples for urinalysis and urine chemistry were collected from 10 rats/sex/ group given access to food and water during Week 57. The following parameters were measured for these animals: total protein, total glucose, and urine volume. Samples were collected at Week 58 from another group of 10 rats/sex/group that had access to food but not to water for osmolality determinations. Samples were also collected at Week 74 and at study termination for male and female rats. Water was not witheld at these later timepoints for osmolality determinations due to the excessive mortality observed for male rats from the 5000-ppm group and the dehydration observed in many of the surviving animals.
At euthanasia, rats and mice were euthanized by severing the brachial blood vessels following anesthesia with methoxyflurane. The brain, liver, lungs, kidneys, heart, spleen, and testes from all surviving rats and mice were weighed at the interim and terminal euthanasia. A complete necropsy was performed on each animal (including animals found dead or euthanized as moribund) and tissues were fixed in 10% neutral buffered formalin. Tissue sections were prepared and stained with hematoxylin and eosin. Sections of the kidneys were also stained with Mallory Heidenhain stain. Lungs were inflated with formalin via the trachea; sectioning of the lung included two coronal cuts through all lobes and mainstem bronchi. Four standard sections of the nasal cavity at different levels were prepared as described by Young et al. (1981) . The tissues which were microscopically examined for rats and mice of the control and high concentration groups included adrenals, larynx, spleen, brain, liver, testes, eyes, lungs, thymus, gross lesions, heart, trachea, kidneys, ovaries, pancreas, nasal turbinates, stomach, uterus, pituitary, thyroid/ parathyroid, aorta, sternum with bone marrow, salivary glands, duodenum, skin (flank), gall bladder, jejunum, esophagus, urinary bladder, ileum, lymph node (submandibular), mammary gland, cecum, peripheral nerve (sciatic), thigh muscle, colon, Zymbal's glands, exorbital lacrimal glands, rectum, seminal vesicles, epididymis, prostate, femur (including articular surface), and the spinal cord. In addition, microscopic evaluations of the kidneys, testes, and gross lesions from both rats and mice from the low and intermediate groups were performed. The livers from mice designated for the interim euthanasia from the low and intermediate groups were also evaluated.
Statistical procedures.
The data for continuous, parametric variables were intercompared for the exposure and control groups by use of Levene's test for homogeneity of variances, by analysis of variance, and by / tests. The t tests were used, if the analysis of variance was significant, to delineate which groups differed from the control group. If Levene's test indicated homogeneous variances, the groups were compared by an analysis of variance for equal variances followed, when appropriate, by pooled variance I tests. If Levene's test indicated heterogeneous variances, the groups were compared by an analysis of variance for unequal variance followed, when appropriate, by separate variance t tests.
Frequency data, such as microscopic diagnoses, were compared using Fisher's Exact Test (Sokal and Rohlf, 1969; Dixon, 1990) . Nonparametric data were statistically evaluated using the Kruskal-Wallis test and, if necessary, by the Wilcoxon rank sum test as modified by Mann-Whitney. Mortality data were analyzed by life-table analysis. All statistical tests, except the frequency comparisons, were performed using BMDP Statistical Software (Dixon, 1990) . The probability value of p < 0.05 (two-tailed) was used as the critical level of significance for all tests.
RESULTS
The mean (±SD) isopropanol concentrations over the 25 months of the study were 504 (±14), 2509 (±58), and 5037 (±115) ppm. The respective analytical-to-nominal concentration ratios were 1.02, 1.00, and 1.01.
The mortality rates and mean survival times for mice and rats are presented in Fig. 1 . One hundred percent mortality occurred for male rats exposed to 5000 ppm, with the last male rat from this group dying during Week 100. Corresponding to the increased mortality for male rats, decreased mean survival time (p < 0.01) was noted for the male rats from the 5000-ppm group (577 days versus 631 days for controls). No differences in mean survival time were noted for core or recovery mice from any of the isopropanol exposure groups or for female rats.
Clinical signs noted in rats and mice during exposures to 5000 ppm included hypoactivity, lack of a startle reflex, ataxia (mice only), prostration (mice only), and narcosis. During exposure to 2500 ppm, hypoactivity, lack of a startle reflex, and narcosis (mice only) were also noted for some rats and mice. These clinical signs were transient in nature since these signs (other than the ataxia) were absent immediately following exposure. No clinical signs were noted during exposures to 500 ppm for either rats or mice.
The only clinical sign noted for mice during nonexposure periods and believed to be exposure-related was ataxia. The ataxia was noted in mice from the 5000-ppm group immediately following exposure but was not noted the following morning. Clinical signs noted during nonexposure periods for male rats from the 5000-ppm group included emaciation, dehydration, and urine stains; clinical signs observed during nonexposure periods for female rats included swollen periocular tissue (5000-ppm group only) and urine stains (2500-and 5000-ppm groups). There were no clinical signs noted during nonexposure periods that were believed to be exposure related for male rats from the 2500-ppm group or male and female rats from the 500-ppm group.
There were no notable increased frequencies of eye lesions (either on clinical or ophthamologic exam) for male or female rats at any evaluation timepoints during the study.
Mean body weight curves for core male and female mice are presented in Fig. 2 . Concentration-related increases in body weight and body weight gain were observed for core male mice at most timepoints throughout the study. Throughout the study, body weight and body weight gain for core male mice were generally increased approximately 2 and 6%, respectively, for the 500-ppm group, 5 and 23%, respectively, for the 2500-ppm group and 7 and 30%, respectively, for the 5000-ppm group. For core female mice from the 5000-ppm group, increases in body weight and body weight gain of 5 and 30%, respectively, were noted throughout the study. In addition, body weight gain was increased approximately 15% for core female animals of the 2500-ppm group and occasional small increases in body weight gain were observed for core female animals from the 500-ppm group throughout the study. Increased body weight and body weight gain (approximately 6 and 30%, respectively) for recovery male mice from the 5000-ppm group were also observed throughout the exposure and recovery phases of the study. Body weight gain was increased (about 20%) for recovery male mice from the 2500-ppm group throughout both phases of the study. For recovery female mice, only body weight gain was occasionally increased for those animals for the 2500-and 5000-ppm group (approximately 10-20% for both groups) during both phases of the study.
Mean body weight curves for core male and female rats are presented in Fig. 3 . Decreased body weight and/or body weight gain was observed for male and female rats from the 5000-ppm group at the end of the first and second weeks of exposure. Following this timepoint, the body weight of these rats increased, and, by the end of Week 6, increased body weight and body weight gain were noted for both males and females. Increased body weight and body weight gain were also observed for male rats from the 2500-ppm group. These increases were typically observed throughout the remainder of the study, although statistical significance was rarely achieved following Week 72. Following 12 months of exposure (Week 52), mean body weight and body weight gain were increased 4 and 6%, respectively, for male rats from the 2500-ppm group and 5 and 7%, respectively, for male rats from the 5000-ppm group. Concentration-related increases in body weight and body weight gain were typically observed for female rats following Week 5; however, the increases in body weight and body weight gain observed for the 500-ppm group were very slight (1% or less). Mean body weight and body weight gain were increased 4 and 7%, respectively, for female rats from the 2500-ppm group and 6 and 10%, respectively, for female rats from the 5000-ppm group following 12 months of exposure (Week 52).
No exposure-related changes in hematologic parameters were observed for male or female mice from any of the isopropanol-exposed groups that were examined at 12 months or at the terminal euthanasia. No exposure-related changes in hematologic parameters were observed for male or female rats from any of the isopropanol-exposed groups examined at 13 months, 19 months, or at the terminal euthanasia.
Results from urinalysis and urine chemistry evaluations for rats are presented in Table 1 . Statistical significance was not always achieved for the changes in urinalysis and urine chemistry discussed below. At 13 months, urinalysis and urine chemistry revealed a decrease in osmolality, an increase in total protein (males only), and an increase in total volume for male and female rats from the 5000-ppm group. Similarly, at 17 months, a decrease in osmolality as well as increases in total protein, total volume, and total glucose excreted (glucose X volume; females only) were noted for male and female rats from the 5000-ppm group and for male rats from the 2500-ppm group. At the terminal euthanasia, a decrease in osmolality and increases in total protein (males only), total volume, and total glucose (glucose X volume; females only) were noted for male animals from the highest exposure group with surviving animals (2500-ppm group) and for female rats from the 5000-ppm group.
For those organs which displayed increases in weight, organ weights as a percentage of body weight are shown in Table 2 for mice. Absolute and/or relative (as a percentage of body and/or brain weight) liver weight was increased for male mice from the 5000-ppm group at the interim euthanasia as well as for male mice from the 2500-and 5000-ppm groups at the terminal euthanasia. Decreased relative (as a percentage of body weight) testes weight was noted for core male mice exposed to isopropanol; however, this decrease was not concentration-related. A concentration-related increase in absolute and relative (as a percentage of body and/ or brain weight) liver weight was noted for core female mice and recovery male mice at the terminal euthanasia. A decreased brain weight (absolute and relative as a percentage of body weight) was also observed for core female mice from the 5000-ppm group.
Selected organ weights (as a percentage of body weight) for those organs displaying increases in weight for rats are presented in Table 3 . Concentration-related increases in absolute and relative testes weight (as a percentage of body and brain weight) were observed for male rats at the interim euthanasia timepoint. The only organ weight change noted for female rats at the interim euthanasia was an increase in absolute and relative (as a percentage of body and brain weight) lung weight for animals from the 5000-ppm group. Absolute and/or relative (as a percentage of body and brain weight) liver and kidney weights were increased for male rats from the 5000-ppm group at the interim euthanasia, for male rats from the 2500-ppm group at the terminal euthanasia, and for female rats from the 5000-ppm group at the terminal euthanasia. Relative liver weight (as a percentage of brain weight) was also increased for male rats from the 2500-ppm group at the interim euthanasia.
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was an increased frequency of seminal vesicle enlargement for core male mice from the 5000-ppm group at the terminal euthanasia and for core male mice from the 2500-and 5000-ppm groups which were found dead or euthanized moribund. An exposure-related increase in kidneys with a granular surface was observed at necropsy for male rats from the 2500-and 5000-ppm groups at the interim euthanasia (Week 73) and for male rats from the 2500-ppm group at the terminal euthanasia. For male and female rats from the 2500-and/or 5000-ppm groups which died or were euthanized due to morbidity, an increased incidence of thickened stomachs, kidneys with a granular surface, and color change of the kidney (males only) was noted at necropsy.
Upon microscopic evaluation, there were no nonneoplastic lesions observed at the interim euthanasia for male and female mice that were believed to be related to the isopropanol exposures. Lesions which were increased in incidence for male and female mice are presented in Table 4 . An increased incidence of ectasia (dilation) of the seminal vesicles was noted for core male mice from the 2500-and 5000-ppm groups which were found dead or euthanized moribund as well as for core male mice from the 5000-ppm group at the terminal euthanasia. Other nonneoplastic lesions observed for mice at the terminal euthanasia were an increased incidence of minimal to mild renal tubular proteinosis (intraluminal protein) for core male and female mice from all isopropanol exposure groups and an increase in minimal to mild tubular dilation for core female mice from the 5000-ppm group. Additional microscopic lesions noted only for female mice from the high concentration group at the terminal euthanasia included mucosal cell hyperplasia within the glandular portion of the stomach, congestion of the adrenal gland, and extramedullary hematopoiesis and hemosiderosis of the spleen. Exposure-related differences in microscopic frequencies of nonneoplastic lesions were not seen for recovery male or female mice.
Male rats from the 5000-ppm group, upon microscopic evaluation, had an increased frequency of testicular seminiferous tubule atrophy at the interim euthanasia (Week 73). Additionally, at the interim euthanasia, the grades for some of the lesions associated with chronic renal disease were increased (although frequencies were not increased) for male rats from the 2500-and 5000-ppm groups. No increased frequencies of nonneoplastic lesions were observed for fe- male rats at the interim euthanasia. At the terminal euthanasia, no exposure-related increases in frequencies of lesions were observed for male rats from the 500-and 2500-ppm groups. However, an increase in the severity of certain renal lesions was observed for all male rats on the study (which included the animals found dead or euthanized moribund) from the 2500-and 5000-ppm groups. These renal lesions included mineralization, tubular dilation, glomerulosclerosis, interstitial nephritis, interstitial fibrosis, hydronephrosis, and transitional cell hyperplasia (Figs. 4-6 ). For male rats from the 2500-and 5000-ppm groups which died or were euthanized moribund during the study, an increase in the frequencies of these lesions in the kidneys was observed. Similarly, there were no increased frequencies of nonneoplastic lesions for female rats at the terminal euthanasia, however, the severity of some of the key components for chronic renal disease (e.g., tubular proteinosis, glomerulosclerosis, interstitial nephritis, and interstitial fibrosis) was increased for all female rats on the study from the 2500-and 5000-ppm groups. The frequency and severity of selected microscopic lesions noted in the kidneys of male and female rats are presented in Tables 5 and 6 . Typically both the severity and incidence of the lesions which characterize chronic renal disease were greater for male rats than for female rats.
An increased incidence of mineralization in a number of organs was noted for male and female rats from the 2500-and 5000-ppm groups which were found dead or euthanized moribund. Other lesions which were noted in male and female rats from the 5000-ppm group which died or were euthanized due to morbidity included an increased frequency of myocardial degeneration/fibrosis, fibrous osteodystrophy, glandular ectasia within the gastric mucosa (females only), cellular hyperplasia of the parathyroid glands (females only), basophilic cell foci within the liver (males only), splenic hemosiderosis, rhinitis and squamous metaplasia of the respiratory epithelium within the nasal cavity, iridocyclitis (males only), atrial thrombosis (females only), ocular keratitis (females only), and dacryosolenitis (females only).
There were no increased frequencies of neoplastic lesions noted for interim, core, or recovery mice of either sex from any exposure group. There were no increased frequencies of neoplastic lesions for female rats. An exposure-related decrease in the frequency of large granular lymphocyte leukemia was observed, however, for isopropanol-exposed female rats. A decrease in pituitary adenomas and mononuclear leukemia was observed for male rats from the 5000-ppm group which died or were euthanized due to morbidity.
The only neoplastic lesion observed to be increased in rats exposed to isopropanol was interstitial (Leydig) cell adenoma of the testis (Figs. 7 and 8) . At the interim euthanasia, an increase in testicular interstitial cell adenomas was observed for male rats from the 5000-ppm group. Concentration-related increases in interstitial cell adenomas of the testes were observed for male rats found dead or euthanized moribund during the study as well as for all animals on the study. For male rats found dead or euthanized moribund, the frequencies of interstitial cell adenomas of the testis were 57.7, 72.2, 84.7, and 93 .8% for the 0-, 500-, 2500-, and 5000-ppm groups, respectively. The frequencies of this lesion for all male rats examined were 64.9, 77.3, 86.7, and 94 .7% for the 0-, 500-, 2500-, and 5000-ppm groups, respectively.
There were no differences noted in the relative frequencies of the cause of death for male or female mice (core or recovery) from any of the isopropanol exposure groups. The main cause of death for male rats from the 5000-ppm group appeared to be chronic renal disease which was also considered to account for much of the mortality observed for the 2500-ppm group. The main cause of death for the male control rats was mononuclear cell leukemia. The main cause of death was chronic renal disease for female rats from the 5000-ppm group which died or were euthanized due to morbidity while the main cause of death for the female control rats was mononuclear cell leukemia.
DISCUSSION
This study investigated the oncogenic and chronic toxicity potential of isopropanol in both mice and rats. The transient narcotic effects of isopropanol noted during exposures to 2500 and 5000 ppm in this study were similar to those observed in a previous study (Burleigh-Flayer et at., 1994) and included signs of hypoactivity, lack of a startle reflex, ataxia, narcosis, and prostration. Other than ataxia which was ob- served immediately following the exposures, none of these clinical signs persisted after cessation of the exposures. The ataxia was also transitory as it was absent when the animals were observed the following morning. The increased body weight and food consumption observed in this study were consistent with increases noted in previously performed inhalation studies on isopropanol vapor (Lehman and Chase, 1944; Burleigh-Flayer et al., 1994) ; however, the reason for these effects is unknown. Interestingly, for those animals assigned to the recovery group, the increased body weight continued during the recovery period when the animals were not receiving any further exposures to isopropanol.
Increased liver weight was noted for mice from the 2500-and 5000-ppm groups as well as for male rats from the 2500-and 5000-ppm groups and female rats from the 5000-ppm group. This finding was also noted for mice assigned to the recovery group. However, upon microscopic evaluation, there were no exposure-related lesions noted in the livers of 15  14  13  1  2  0  2  74  6  18  27  15  8  6  5  1   5000  75   20  1  2  10  7  70  3  21  22  24  58  2  54  2  53  3  20  30  21  19  2  8  6  2  75  4  14  23  23  11  24  16  8 exposed animals. Therefore, the increased liver weights, in the absence of histopathological findings, were considered to be adaptive changes in response to an increased metabolic load (Farber, 1980) . The increased liver weight was most likely a result of microsomal enzyme induction since isopropanol has been shown to induce cytochrome P450 enzyme activity (Ueng etai, 1983 , Zahlsen et ai, 1985 . Other organ weight changes noted for the brain and testes of mice and the lungs of rats were not considered to be biologically significant due to the lack of microscopic lesions.
The increased frequency of seminal vesicle enlargement for male mice from the intermediate-and high-concentration groups noted at necropsy was observed microscopically as an increased incidence of ectasia (dilation) of the seminal vesicles. Since the seminal vesicles did not have any associated inflammatory or degenerative changes, the enlargement may have been the result of either increased secretion or decreased evacuation of the secretory product by these glands. It is not known whether the narcotic effects of exposure to isopropanol may have affected the secretion of the seminal vesicles of the mice.
The few microscopic lesions which were noted for female mice (mucosal cell hyperplasia within the glandular portion of the stomach, congestion of the adrenal gland, and extramedullary hematopoiesis and hemosiderosis of the spleen) may have been related to the isopropanol exposures; however, none of these microscopic changes were believed to be biologically significant due to the degree (i.e., minimal to mild) and the nature of the findings.
The kidney appeared to be a target for nonneoplastic ef- FIG. 7 . Medium-power photomicrograph of a section of a testis collected at the interim necropsy from a 5000-ppm group male rat. A small interstitial cell tumor is present within the center of the micrograph. The adjacent seminiferous tubules are microscopically normal. (Hematoxylin and eosin X 40.) fects in rats exposed repeatedly to isopropanol vapor, while only minimal effects were observed in the kidneys of male and female mice. The effects in mice included an increased incidence of tubular proteinosis in the kidneys of male and female mice from all isopropanol exposure groups and tubular dilation in female mice from the high-exposure group. However, in rats exposed to isopropanol over the 2-year period, an exacerbation of chronic renal disease was observed. Chronic renal disease was determined to be the main cause of death and resultant early mortality for male rats from the 5000-ppm group as well as the main cause of death for female rats from the 5000-ppm group and male rats from the 2500-ppm group. The presence of kidney lesions such as tubular proteinosis, tubular dilation, glomerulosclerosis, interstitial nephritis, interstitial fibrosis, and transitional cell hyperplasia were used to diagnose chronic renal disease. Effects noted during the study and attributed to chronic renal disease included increased kidney weights, urinalysis and urine chemistry changes indicative of renal damage, an increased incidence of gross lesions in the kidney noted at necropsy (i.e., granular kidneys), and increased frequencies/ severity of renal microscopic changes. In addition, increased frequencies of a number of other lesions (e.g., mineralization, cellular hyperplasia of the parathyroid glands, and fibrous osteodystrophy) were believed to be secondary to the chronic renal disease. Chronic progressive nephropathy is the single most spontaneous renal disease in adults and aged rats (Gray, 1977; Goldstein et ai, 1988) . Minimal lesions are typically first observed in 5-month-old rats with males displaying lesions of somewhat greater severity and incidence than females. Similarly, these renal lesions are usually more severe in aged male rats than those in female rats (Montgomery and Seely, 1990) . The pathogenesis of chronic progressive nephropathy is not known; however, consumption of a high protein diet may be a contributing factor. The mechanism by which isopropanol exacerbates this disease state is unknown.
The only lesions noted within the respiratory tract with increased frequencies for rats from the 5000-ppm group which died or were euthanized due to morbidity were inflammatory and metaplastic changes within the nasal cavity such as rhinitis, dacryosolenitis (inflammation of the nasolacrimal duct), and squamous metaplasia of the respiratory epithelium. No increased incidence of neoplastic changes were noted within the respiratory tracts of either species.
The only neoplastic lesion found to be increased in frequency during the study was observed in the testis of male rats. A concentration-related increase in testes weight for male rats as well as an increased frequency of testicular seminiferous tubule atrophy and interstitial cell adenomas was noted for male rats from the 5000-ppm group at the interim euthanasia timepoint. The frequency of interstitial FIG. 8 . Medium-power photomicrograph of a section of a testis collected at the interim necropsy from a 5000-ppm group male rat (a different rat than the one represented in Fig. 7 ). Within this section, both a small interstitial cell tumor and a portion of a similar-appearing but larger interstitial cell tumor are present. Note also that the seminiferous tubules are atrophic in appearance, in contrast with those shown in Fig. 7 . (Hematoxylin and eosin X 40.) (Leydig) cell tumors of the testis was also increased in a concentration-related fashion for all male rats on the study. However, the interstitial cell tumor of the testis is typically the most frequently observed spontaneous tumor in aged male Fischer 344 rats (Takaki et al., 1989; Haseman et al., 1990) . Nearly all male Fischer rats will develop these proliferative tumors if they are allowed to complete their lifespan (Boorman et al., 1990) . The frequencies of this tumor in male rats from the low (77.3%), intermediate (86.7%), and high (94.7%) concentration groups in this study were similar to the mean incidence of 88% reported by Haseman et al. (1990) for control male Fischer 344 rats from numerous 2-year NTP carcinogenic studies. In addition, the incidences observed for the isopropanol exposure groups were similar to frequencies noted during two previously conducted inhalation oncogenicity studies at BRRC for male control Fischer 344 rats (86 and 91 %). Contrary to these data, the incidence observed for the control group in this study (64.9%) was well below these values for control male Fischer 344 rats. Thus, the increased incidences of testicular tumors in the isopropanol exposure groups may be spurious and reflective of the lower incidence in the control group.
Interstitial cell adenomas of the testes probably represent foci of marked hyperplasia rather than autonomous growth, because these adenomas originate as multiple foci of hyperplasia, and the transformation from hyperplasia to adenoma represents a continuous spectrum of morphologic change occurring within the testes of aged Fischer 344 male rats (Boorman et al., 1990) . Furthermore, there was no evidence from this study to indicate the development of carcinomas of the testes in the male rat nor has isopropanol been found to be genotoxic in a variety of assays (Kapp et al., 1993) .
In conclusion, exposure of mice for 18 months and rats for 24 months to isopropanol vapor produced clinical signs of toxicity (e.g., hypoactivity, lack of a startle reflex, narcosis, ataxia, or prostration) during the exposures at 2500 and 5000 ppm as well as increases in body weight and body weight gain. Urinalysis and urine chemistry changes indicative of kidney damage were noted for male rats from the 2500-and 5000-ppm groups and female rats from the 5000-ppm group. A few nonneoplastic lesions were noted microscopically for isopropanol-exposed mice; however, these findings were minimal in degree and probably not biologically significant. For rats, a number of nonneoplastic lesions were observed, with the most significant lesions being observed in the kidney. There were no increased frequencies of neoplastic lesions noted for either sex of mice or for female rats from any isopropanol exposure group. The only tumor type observed for male rats was an increase in interstitial cell adenomas of the testis, but this increase was believed to be an artifact of an unusually low incidence in the control group. Thus, the no-observedeffect level (NOEL) for toxic effects was 500 ppm for both species and the NOEL for oncogenicity effects was determined to be greater than 5000 ppm.
